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Abstract 
According to the processing needs of pulse power supply for the micro hole machining, a multi-mode pulse power supply including 
RC mode, controlled resistance mode, controlled capacitor mode, and other several power supply modes is developed for the micro-
EDM system, whose CPU circuit is based on a microprocessor and two complex programmable logic devices (CPLD). In micro-
EDM, the micro-energy pulse power not only realizes nanosecond grade electrical pulse signal, but also can achieve a wide range 
of optional in energy with the control of power transistors and electrical relays which can choose the electrical processing mode, 
open circuit voltage, resistance, capacitance, pulse-on time, pulse-off time and so on. Finally, 2×128 array holes with deviation of 
2μm in diameter can be stably realized with the multi-mode pulse power supply. 
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1. Introduction  
The low precision of array micro holes in micro part 
is the restriction of the development in many fields, such 
as biological engineering, textile ink printing, metal 
deposition, microstructure manufacturing, and so on. A 
number of solutions had been tried in order to develop 
the technology for array micro holes, including micro 
mechanical processes, micro EDM, electrochemical 
mark machining, laser machining, electro-hydraulic 
beam machining and the technology of LIGA [1]. 
Electrical Discharge Machining (EDM) is an effective 
non-contact machining process. It is a precision metal 
removing process using an accurately controlled 
electrical discharge (spark) in a dielectric liquid [2]. And 
it has a great advantage in the drilling of micro-arrays 
holes. 
In micro-EDM, a micro electrode with a cylindrical 
metal 3–300µm in diameter is employed. After that, the 
micro cylindrical electrode can be applied to fabricate 
the holes of micrometer-size [3]. In addition, the 
diameter of each hole is typically difficult to maintain, 
when a large number micro holes are produced. This 
paper develops a new multi-mode power supply for 
array micro holes to have a greater efficiency. As an 
important part of EDM, the micro-pulse power major 
undertakes the task of material ablation. That is to say, 
the effectiveness of the EDM process is largely 
determined by the type of power supply used. The power 
supply is used to convert the alternating current input 
into a pulsed unidirectional direct current required to 
produce the spark [4]. In addition, the capability of 
micro-power supply influences the achievable size and 
the machining accuracy of microstructures by wire 
electro discharge grinding (WEDG) greatly. Especially 
the discharging gap, radial wear and axial wear of the 
tool have great effects on the diameter tolerance and 
processing efficiency of array micro holes in micro-
EDM. 
After analyzing the characteristics of the micro-pulse 
power, it had been found that the micro-pulse power 
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which has the single-power supply mode and small 
optional range of energy can not meet the demand of 
efficient machining for array micro holes. A multi-mode 
power supply including RC mode, controlled resistance 
mode, controlled capacitor mode, and other several 
power supply modes is developed for the micro-EDM. 
Therefore, a wide range of option in energy is allowed. 
2. The design of multi-mode pulse power supply 
The signal/data flow diagram of the multi-mode 
power supply is shown in Fig. 1. 
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Fig. 1. Block diagram of the multi-mode power supply signal / data 
flow. 
In the design of multi-mode pulse power supply, host 
computer has been used to control the whole power-
supply system. RS232 serial communication connects 
the host computer and the microprocessor. Single Chip 
Micyoco (SCM) deals with the control signal from host 
computer. CPLD and crystal oscillator can produce the 
electric impulse signal. Pulse power system realizes the 
conversion of the different power supply modes. At the 
same time the different electrical parameters, such as 
open circuit voltage, resistance, capacitance, pulse-on 
time, pulse-off time, are selected to adjust discharge 
energy between tool and workpiece. Therefore, multi-
mode pulse power supply can get a satisfactory surface 
roughness and efficiency. State detector circuit 
transforms the average gap voltage to a signal which 
PMAC card can receive. And host computer controls the 
movement of motor-servo according to the feedback 
signal of PMAC card. 
3. The main electric circuit design of micro-energy 
pulse power 
Because of the particularity of micro-pulse power, the 
number of circuit function which must be realized by 
micro-pulse power is too much. So the designed method 
of this power adopts modularization. The main research 
contents are the design of oscillator circuit and power 
amplifying circuit. 
3.1. The design of CPU circuit  
The function of CPU circuit is to generate different 
discharge voltage waveforms according to controlling 
signals from host computer. The CPU circuit is shown in 
Fig. 2. 
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Fig. 2. The CPU circuit. 
In order to ensure the independence of the order in 
electrical parameters, the CPU circuit adopts a circuit 
arrangement which has one SCM and two CPLDs. The 
processor used in the circuit is an AT89C51 
microcontroller. It receives different control signals from 
host computer through MAX232 chip, and then it deals 
with them one by one according to scheduling.  
CPLD1 receives the pulse-on and pulse-off time 
orders from SCM and the clock signals from crystal 
oscillator. And then, it generates low voltage pulse 
signals, the signals are used to control the turning on and 
off function of the power transistors. CPLD2 receives 
the switch signals from SCM. After that, it generates 
high/low level signals; the signals are used to control the 
electrical relays. These electrical relays can select the 
different power supply modes, open-circuit voltages, 
resistances and capacitances. Therefore, a high-
frequency pulse waveform has been produced under the 
control of CPLD1 and CPLD2.  
3.2. The design of operational amplification circuit 
Generally speaking, micro pulse power is greatly 
influenced by stray capacitance and resistance. For 
obtaining a high-quality power, the organization of 
circuit must be simple as much as possible in circuit 
design. At the same time, in order to meet the processing 
requirementthe micro-pulse power must be one with a 
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variety of power supply mode and variable discharge 
energy range, whose range of work must be wide. This 
paper discusses and carries out the following operational 
amplification circuit. 
3.2.1. Controllable resistance power supply mode 
The principle of controllable resistance power supply 
mode (TR) is that SCM controls CPLD and crystal 
oscillator which generates the pulse signal. The pulse 
signal realizes discharge and deionization between the 
two electrodes. It is shown that TR pulse power supply 
can get different machining efficiency and machining 
quality through choosing resistance, open circuit voltage, 
pulse-on time and duty factor. 
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Fig. 3. Schematic diagrams of the TR-type power supply. 
Resistors R1~R4 series connect with two electrodes 
in discharging. So the greatest advantage of TR power 
supply mode is that it limits the peak current of circuit. 
Therefore, it doesn’t appear that the peak current is too 
high to break the transistor. In addition, the surface 
roughness will be improved due to the absence of large 
peak current. The resistor in TR pulse power supply is 
multitudinal, and it can be changed easily. Generally 
speaking, the resistor should be selected among several 
hundred and several thousand ohms in micro-EDM. So 
the average current is steady among tens of milliamperes 
to hundreds milliamperes. And the electrical corrosion 
product could be small. 
3.2.2. Grouped controllable resistance power supply 
mode 
Grouped controllable resistance power supply mode 
(TRT) adds one more transistor T2 on TR. It is shown in 
Fig. 4. The frequency of transistor T2 is about 5 times 
the frequency of transistor T1. How the pulse waveform 
has been got is shown in Fig. 5. 
The TRT pulse power supply can supply high 
frequency pulse signal, whose summit current is high. It 
performs both a good surface quality which the high-
frequency pulse waveform has and a high machining 
efficiency which the low-frequency pulse waveform has. 
On the other hand, the frequency of transistor T2 is too 
high to realize a better surface quality. So the TRT pulse 
power supply can meet the work of which quality 
demand is not required too high. 
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Fig. 4. Schematic diagrams of the TRT power supply mode. 
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Fig. 5. The process of TRT pulse waveform. 
3.2.3 Controllable capacitance power supply mode 
The principle of controllable capacitance power 
supply mode (TC) is that SCM controls CPLD and 
crystal oscillator which generate the pulse signal. The 
pulse signal realizes discharge and deionization 
between the two electrodes. It is shown in Fig. 6. In TC 
pulse power supply, the capacitance, open circuit 
voltage, pulse-on time and duty factor can be selected 
to get different energy.  
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Fig.6. Schematic diagrams of the TC power supply mode. 
The greatest impact on discharge energy in TC would 
be the capacitance. Especially during the discharge 
process, the peak current is high at capacitor breakdown. 
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The current in TC would be unstable. The stray 
capacitance exerts a larger effect on this power, 
particular for a long electrical wire. So the stray 
capacitance should be little as much as possible. Electro 
discharging mainly depends on capacitance, so the 
resistance is low. It is a powerfrugal power supply mode. 
3.2.4. Grouped controllable capacitance power supply 
mode 
The principle of grouped controllable capacitance 
power supply mode (TCT) is similar to the TRT. It is 
shown in Fig. 7. However, the frequency of transistor T2 
is lower than the frequency of transistor T1. The 
frequency of transistor T1 is about 5 times the frequency 
of transistor T2. How the pulse waveform has been got 
is shown in Fig. 8. Transistor T1 controls charge process 
of capacitance. And transistor T2 controls discharge 
process of capacitance. In addition, the capacitance in 
TCT power supply mode can never count for little, 
because of the existence of stray capacitance. Therefore, 
the TCT power supply mode can not get a lower energy 
due to the long pulse-on time and high peak current. 
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Fig. 7. Schematic diagrams of the TCT power supply mode. 
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Fig. 8. The process of TRT pulse waveform. 
3.2.5 RC pulse power supply mode 
The structure of RC pulse power supply mode is 
simple, so its operation is reliable. It hasn’t independent 
deionization time. That will lead to the phenomena of 
short circuit and arc discharging. On the other hand, the 
RC pulse power supply mode can get a pulse waveform 
whose pulse-on time is little. The charge-discharge 
frequency in theory can be achieved 20MHz [5]. The 
principle of RC pulse power supply mode is shown in 
Fig. 9. The spark sustaining voltage does not exist in RC 
pulse power supply, so it can work in a lower voltage 
with a low energy. At the present time, the RC pulse 
power supply mode is used universally for micro EDM. 
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Fig. 9. Schematic diagrams of the RC power supply mode. 
After designing a series of pulse power supply modes 
circuit, the main circuit of micro-pulse power has been 
completed. The selections for the different power supply 
modes (PSM), pulse-on time, pulse-off time, open-
circuit voltages (OCV), resistances and capacitances are 
listed in Table 1. It is evident can be seen that the 
minimum pulse–on time for micro-pulse power can 
achieve 80ns.  
Table 1. The selections for different electrical parameters 
PSM Pulse-on 
time (ns) 
Pulse-off 
time (ns) 
OCV 
(V) 
Resistance 
(Ω) 
Capacitance 
(pF) 
TR 80~20400 80~20400 24~150 72~4000 —— 
TRT
(T2) 80~20400 80~20400 24~150 72~4000 —— 
TC 80~20400 80~20400 24~150 —— 10~11000 
TCT
(T1) 80~20400 80~20400 24~150 —— 10~11000 
RC —— —— 24~150 72~4000 10~11000 
4. Debugging of micro pulse power 
The hardware part of the micro-pulse power has been 
gotten through the development of oscillator circuit and 
operational amplification circuit. Then the program in 
MCU and CPLD has been edited to control the whole 
hardware. After debugging and optimization of hardware 
and software, the micro-pulse power has been used to 
process workpiece. Facts prove that the pulse power can 
completely meet requirements of micro-EDM. The 
minimum peak current of the multi-mode pulse power 
supply can achieve 0.4 ampere. The discharge voltage 
waveforms for different power supply mode have been 
collected, which are shown in Fig. 10 a) ~ c). 
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a) TR                                                   b) TC 
 
b) RC 
Fig. 10. Discharge voltage waveforms for different power supply 
mode. 
5. Experiment for discharging micro-holes 
5.1 Experiment for discharging a micro-hole 
A number of experiments have been done with the 
equipment for micro-EDM which is shown in fig. 11 to 
measure the multi-mode pulse power supply’s processed 
results. The conditions of these experiments are listed in 
table 2. At last, a large difference in processing quality 
among different power supply modes has been found. 
Fig. 12 a) ~ c) show the SEM photographs of single 
micro-hole which has been produced with same 
processing method, same electrode and different power 
supply mode.  
 
Fig. 11 The equipment for micro-EDM 
Table 2. The conditions of micro-hole process 
 Experiment conditions 
Tool 47μm tungsten bar in diameter  
Workpiece 50μm stainless steel plate in thickness 
working solution De-ionized water 
The speed of tool 3600 revolutions per second. 
  
a) TC                                                   b) TR 
 
c) RC 
Fig. 12. The micro-hole process by different modes. 
In the previous illustration, surface roundness of the 
micro-hole by three kinds of power supply modes is not 
dissimilar. But the surface quality in RC power supply 
mode process is better than that of the others. Through 
the measured data and calculated results of the cuff 
around micro-hole, the sizes of the cuff for TC, TR and 
RC power supply modes are 5μm, 4μm and 2μm. So it 
can be concluded that the RC power supply mode is 
suitable to process array micro holes, because it does 
very little damage to workpiece. 
5.2 Experiment for machining array micro holes 
From what has been experimented above, RC power 
supply mode is used to discharging array micro holes in 
a 50μm stainless steel plate in thickness with a 41μm 
tool in diameter. 66 array micro holes have been 
processed, whose SEM photograph is shown in Fig. 13. 
 
 
Fig. 13. 66 array micro hole. 
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After measuring the array micro holes, diameter of 
the holes are about 44μm, whose diameter deviation is 
less than 1μm and the hole spacing is 0.1mm. 
6. Conclusion: 
Detailed analysis on the features of micro-pulse 
power is given in this paper. The micro-pulse power 
which has single-power supply mode and small optional 
range of energy can not meet the demand of efficient 
machining for array micro holes. Based on this analysis 
and the requirements for array micro holes in micro-
EDM, the following conclusions can be drawn from this 
study: 
 A new type of micro-energy pulse power with a 
variety of processing modes is developed. It is 
controlled by one microprocessor and two CPLDs. 
The pulse power can supply a variety of power supply 
modes, including RC mode, TR mode, TRT mode, 
TC mode, and TCT mode. Then the features about 
five kinds of power supply modes are analyzed for 
each other. The scope where the pulse power can be 
used is very wide. In addition, The minimum pulse-
on time for micro-pulse power can achieve 80ns, after 
debugging the hardware and software. 
 After comparing the surface quality of micro-hole by 
three kinds of power supply modes, it has been found 
that the RC power supply mode is suitable to process 
micro holes, because of the fewer cuffs.  
 The 66 array micro holes have been processed with 
the designed micro-pulse power, whose hole spacing 
is 0.1mm. After measuring the array micro holes, 
diameter of the holes is about 44μm, whose diameter 
deviation is less than 1μm. 
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